Section IV

TRIP

B-2

The Barre Granite Quarrles

TRIP

B-2

The Barre Granite Quarrles
Leader: Brewster Baldwin
Participating at the quarrles:
R.H. Smith, Dir. Public Relations
C.Y. Perris, Chief Engineer

ROAD

LOG

Route from Montpelier to Graniteville, via U.S. 2, U.S. 302, Vermont 14, and
Quarry Hill Road; 11.1 miles.
Assemble in parking lot behind State Office Buildings. The organized
tour of the quarries and manufacturing plant will probably end at about 1 p.m.;
bring a lunch if you wish to linger for more samples or photographs.
Leave at 8:30 a.m., Sunday, October 15. Turn right onto State Street
and continue to end; turn right at traffic light onto Main Street; cross
bridge over Winooski River; turn left at traffic light onto U.S. 2 at Mobilgas
station.
0.0

Traffic light at intersection of U.S. 2 and Main Street.

1.7

Junction, KEEP RIGHT onto U.S. 302; U.S. 2 continues straight.

2.9

Howard Johnson1son left.

3.1

Shopping center on left.

5.3

Guardian Memorials on right.

5.6

Speed limit 25 mph.

6.5

Shopping district of Barre; Paramount Theater on left.

6.7

BEAR RIGHT at city park. CONTINUE STRAIGHT onto Vt. 14; U.S. 302 goes
off to the left toward East Barre.

7.2

Stone bridge. On right, plant of Rock of Ages Capacitors, Inc., which
began operations in World War II. Continue up hill. BE PREPARED FOR
TURN TO LEFT,

7.6

rURN LEFT at sign "Famous Barre Granite Quarries, 3 miles"; continue
past Lawson Granite Company up Quarry Hill Road.

8.4

Road bends to left near top of hill, and crosses railroad tracks.
Scenic view to northwest.

9.0

Cemetery on left; continue straight across road intersection. Road to
left goes to Wells-Lamson quarry In Websterville. From here on, route
is shown in Figure 1.

10.1

Road intersection; continue straight.
granite monuments are finished.
-

1

-

Craftsman Center on left, where

10.2

Picnic area on right.

10.4

TURN LEFT onto main street of Lower Graniteville.

11.0

Saw Plant on left.
A

11.1

Park on right, near Compressor Building.
yond locomotive.

Go to observation point, be

The tour will visit the observation point, the xenoliths, and the dike
at the Rock of Ages quarry; the contact at the Smith quarry, where thesheet
ing can be photographed; the saw plant; the manufacturing plant (Craftsman
Center); and the locality marked "samples" south of the Smith quarry (good
picture point). If time permits, the jointing in the Pirie quarry, and the
Wells-Lamson quarry.
GEOLOGY
Regional Setting and Age
The Barre granite is one of many bodies of granite rock in New England.
In Vermont, almost all of these bodies lie in rocks of post-Ordovician age,
some distance east of the Green Mountain axis. The country rocks represent
the metamorphosed complex of detrital sediments and volcanic materials; they
form a homoclinal sequence with the younger deposits to the east. It is per
haps significant that the granitic bodies lie in these younger rocks, where
geosynclinal subsidence was great.
The Barre granite lies in the Gile Mountain formation (the Westmore
formation of Murthy, 1957). a series of mica schists and micaceous quartzites
of Devonian age; it abuts on its east side the Waits River formation, which
differs from the Gile Mountain formation in containing calcareous beds. A
Rb/Sr age determination gives 330 + 25 million years for biotite in the Barre
granite (Murthy, 1957> P* 95). According to Kulp (1 9 6 1 ), 330 million years
ago was in the Mississippian period.
Limits of the Barre Granite
As is shown in the inset map of Figure 1, the Barre granite extends
north-northeast for 4 miles and is 2 miles wide, with its eastern edge at
East Barre. Another granite body — the Knox Mountain granite -- lies several
miles northeast of East Barre. The Barre granite crops out on Cobble Hill and
on Millstone Hill, which are separated by the northwest-draining valley of
Jail Branch. The limits of the granite are tentative. Balk (1927> pi. 2) map
ped a number of separate granite bodies, somewhat elongate to the north-northeast,
with country rock intervening. More recently, White (1946, fig. 1) interpreted
the granite to be one body, separated by tongues of country rock. The limits
shown on the inset map are modified from Murthy (1957> Pi. !)• The contact of
the granite and country rock is exposed in the Wells-Lamson quarry and in the
upper Smith quarry (Pig. 1); it is also exposed along the road from Granite
ville to Websterville. The granite is generally concordant with the bedding
planes of the country rock but locally is discordant.
A dike with chilled contacts cuts the granite on the road Just east of
the Guide Office. Murthy (1957. P» 97) found it to contain oligoclase-andesine
augite, dark green hornblende, biotite, and magnetite; considerable epidote
and chlorite are present. He names It a lamprophyre of kersantite-spessartite
composition. The dike, or an offshoot, is visible from the observation point,
on the quarry wall.

Rock Type
The Barre granite is a medlum-textured gray two-feldspar, two-mica
granodiorite. The feldspars are Oligoclase and microcline, with some altered
orthoclase. Murthy (1 9 5 7 ) describes and discusses the fact that most of the
muscovite occurs as replacement of plagioclase. The amount of biotite controls
the shade of gray of the granite. In general, the darker the rock, the greater
is its value for monumental stone. Balk (1927) has described several places
where two comagmatic varieties occur, and in each case the darker variety is
the older; the two varieties can be seen on the "island" in the Rock of Ages
quarry where xenoliths are noted (Fig. 1). On this same island, several text
ural varieties can be seen: a fine-textured granite next to a xenollth; peg
matitic lenses and patches; and slightly porphyritic areas. Even these vari
ations are scarce, and the texture is strikingly uniform.
The mineralogic composition is also strikingly uniform, as demonstrated
by Chayes (1952) and Murthy (1957) who both made modal analyses of samples col
lected to test the range of variation in the granite. Means of their analyses
are:
Murthy
Chayes
number of analyses

21

quartz
potash feldspar
plagioclase
biotite
muscovite
accessories

27.2
19.4
35.2
8.1
8.3
1.0

924.3
20.1

34.7
9.8
9.8
1.8

Dale (1923) quotes two chemical analyses of the dark Barre granite.
That by Day (1898 , p. 224) is for a sample from the Wells-Lamson quarry, and
the analysis by Finlay (1902, p. 55-56) is for a sample collected "south of
Millstone Hill."
Day

Finlay

Si02

69.56

69.89

Al203

15.38

15.08

Fe20^

2.65

1.04
1.46

FeO
MgO

tr.

0.66

CaO

1.76

2.07

Na20

5.38

4.73

k 2o

4.31

4.29

h 2o

1. 0 2

0.54

---

tr.

p2°5

100.6
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99.76

Structure
Although the Barre granite Is remarkably homogeneous, It does con
tain some recognizable Internal structures. The most conspicuous are several
sets of Joints, which are somewhat variable across Millstone Hill. Longitudin
al Joints trend northeast and dip steeply eastward; those in the Rock of Ages
quarry are nearly vertical, whereas those in the Pirie quarry dip about 45
degrees. Cross Joints, oriented normal to mineral lineation, strike west to
northwest; Murthy (1957) states that they are not everywhere well developed.
Sheeting, probably related to the present land surface, is approximately hori
zontal. In the Pirie quarry it dips fairly steeply; in the Rock of Ages quarry
it is poorly developed; and in the upper Smith quarry it is nearly horizontal
and very well developed (Fig. 1). Lineation of feldspar and quartz was first
described by Balk (1927), who thus introduced to the United States the study
of internal structures of igneous rocks as initiated by Hans Cloos. B^lk not
ed that the lineation trends northeast and is arched and concluded that there
were several domes of intrusion; Murthy, on the other hand, has concluded that
there is a single large dome of intrusion, interrupted by septa of schist.
Origin
Murthy (1957) has summarized the evidence indicating that the Barre
granite was formed by fairly quiet intrusion and by stoping. Granitization
is unlikely because the granite is in sharp contact with xenoliths and country
rock. Also, the country rock consists of interbeds of widely differing com
position, yet the granite is homogeneous. Evidence in favor of a magmatic
origin includes the finer texture of the granite at its contact, flow lines and
other structures associated with a mobile fluid, and rotation of xenoliths.
Forceful injection is probably of little importance, because of the absence of
local deformation in the country rock.
ECONOMIC ASPECTS
Of the many granite bodies in New England, the Barre granite is one
of the best known, because it yields monumental stone of the highest quality
and uniformity. In the 1830's, stone reportedly from Cobble Hill was quarried
for the capitol building in Montpelier, but large-scale operations did not be
gin until about 1 8 7 5 , when the Wetmore and Morse quarry was opened. By 1901.
some 3000 persons were engaged in quarrying and finishing the stone (Finlay,
1902). Although several quarries were opened on Cobble Hill, all present oper
ations are on Millstone Hill. Dale (1923, pi. 2) reproduced a map dated 1907,
covering the area of Figure 1 and naming the now-abandoned quarries. Most of
the stone is quarried by the Rock of Ages Corporation for monumental and build
ing stone; waste is dumped to form the large grout piles. The only other pro
ducing company is the Wells-Lamson Quarry, which salvages the waste by crush
ing it. Information on the quarrying and finishing of stone was kindly sup
plied by Mr. Ralph Smith, Director of Public Relations, and by Mr. Cyrus Y.
Ferris, Chief Engineer, both of the Rock of Ages Corporation. Through them,
Incidentally, it was possible to prepare Figure 1, which was traced from Sar
gent photograph 8003 57-102, May 6 , 1957; the photograph was at a scale of 400
feet to the inch, and Figure 1 represents a reduction of 3-5 times.
Quarrying
In order to quarry the granite with least waste, quarrymen are guid
ed by the Joints (headers) and by the internal fabric of the rock (rift, lift,
and hardway break). In addition, they must contend with rock pressure (in
ternal stresses in the rock), which may cause the rock to expand locally as
much as 2 or 3 inches (White, 1946). The rock pressure varies from area to
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area and even within one quarry. This is most commonly a problem where there
are few or no vertical fractures, and Indeed, the most notable pressure prob
lem is reported to be in the rib of rock between the upper Smith quarry and
the deep Wetmore and Morse quarry, where sheeting is well developed. White
discusses rock bursts in some detail, showing how they represent expansion in
to the quarry.

To relieve the internal stresses, the granite is first freed in
large masses. The sides are cut by jetting, which consists of fuel oil burn
ing in pure oxygen, causing a flaking of the granite. The deafening roar
from this operation results from gas velocities above Mach 1. Water, which is
used to cool the nozzle, also controls the dust. The jetting is more expens
ive than drilling but can cut a channel 30 feet deep, as opposed to the 15foot depth of the pneumatic drill, thus freeing much larger blocks. Faces cut
by jetting are smooth and streaked, in contrast with the fluted surface left
by a line of drill holes. The large masses are drilled at the base by hori
zontal holes, and black powder lifts the masses free.
Once the mass is freed, it is broken into saw blocks by lines of
drill holes that are wedged, or perhaps are shot with black powder. The drill
holes alined parallel to the rift and to the lift are shallow compared with
those alined parallel to the hardway break (head grain). Although the rift is
generally parallel to the longitudinal joints, and the lift parallel to the
sheeting, there is not a constant accordance of the joints with the internal
fabric.
The saw blocks are quarried with the hardway break or head grain on
one set of long .faces. The block may be quarried in vertical position, with
the lift the small faces, or it may be quarried in horizontal position, in
which case the rift is the small faces. For special purposes, such as statues,
columns, and paper rolls, blocks may be quarried with the head grain on the
small face.
Saw Plant

The quarried blocks are sawed on (parallel to) the head grain in one
of two ways. The gang saw, which consists of blades 1/2 inch thick, and uses
chilled steel shot as abrasive, is cheaper but slower and has a tolerance of
3/8 inch. The newer saws are wire saws, which are more expensive but cut a
smoother face to a tolerance of 1/4 inch. These wire saws use 60-90 mesh
silicon carbide as abrasive. They are twisted, with twists reversed every
50 feet of wire. The ribbon-twisted wires are 3/l6 inch in diameter, and
their average wear is 5 1/2 feet of wire to cut a foot of depth. The two-strand
twisted wires are 1/4 inch in diameter and they average 3 feet of wire per foot
depth of cut. To increase the cutting life of a set ofwires (and so to de
crease the frequency of repairs), the wires are extremely long, feeding a
round pulleys far back of the saw plant; the 7 _wire saws are 1700 feet long
and the 4-wire saws are 1150 feet per wire.
In the yard by the saw plant, several types of granite are seen in
addition to the Barre granite. The darker red granite, with pink feldspars, is
from Wausau, Wisconsin, and the lighter red granite, colored by small reddish
splotches, is from Snyder, Oklahoma. The granite from Newark, Vermont, is some
what gneissic, coarse, and cream-gray; that from Bethel, Vermont, is white,
with vague darker areas of quartz and muscovite.
Manufacturing
Though the Rock of Ages Corporation sells some stone to other manu-
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facturers, it saws and finishes much of the stone it quarries. The bulk of
the stone from the Smith quarry is used for building stone, but all of the
stone from the Rock of Ages quarry goes into monumental stone.
Slabs from the saw plant are taken to the Craftsman Center; practi
cally all slabs are polished on both sides (parallel to the head grain). The
slabs are polished by a giant "floor polisher" using 60-90 silicon carbide;
by a second one, using finer sizes, down to 600 alumina; and finally by a third
stage, using tin oxide for buffing. The foreman then lays out cuts on the slab
to suit the orders, and the cutter breaks the slab with hammer and splitter,
taking advantage of the rift and lift directions. Sandblasting, to cut designs
and roughen the stone, is done through a rubber template, using cast iron shot
or 70-grit silicon carbide. Other equipment, such as a rotary diamond mill, a
wire saw, and so on, are used for different effects.
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